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Three Key Elements of a MVAC System 

Environment refers to the 

customer indoor air 
environment requirement.

Mechanical Systems refers 

to a set of mechanical 
equipment, which serve as 
source, distribution and 

terminal function.

Controls refers to control  

components that monitor and 
regulate the performance of 
mechanical system.

. 
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Customer Indoor Environment Requirement

No draft 
feeling

. 

Thermal comfort

No stuffy air

For occupants comfort: 

IAQ
Indoor air 
distribution

Quiet 

Noise

Customer 
requirement:

Cold-Cool-
Normal- Warm-
Hot

In HVAC, 
we call:

Air 
properties 
related:

Temperature

Humidity

Velocity

Freshness

Odor

Air flow pattern

Velocity Velocity
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Customer Indoor Environment Requirement

No polluted air 
infiltrate into room

For industrial process- clean rooms for chips:

Room pressure 
control

Customer 
requirement:

Constant 
environment

In HVAC, 
we call:

Air 
properties 
related:

Temperature

Humidity

Velocity

Pressure

Velocity

Precise 
Control

Particle 
free air

Air cleaning

Pollutant-
particle
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Customer Indoor Environment Requirement

No polluted 

air infiltrate 

into room

For industrial process- hospital operating rooms:

Room pressure 

control

Customer 
requirement:

Comfort 

environment

In HVAC, 
we call:

Air 
properties 
related:

Temperature

Humidity

Velocity

Pressure

Velocity

Thermal comfort

Bacteria 

free air

Bio-cleaning

Pollutant-

bacterial, virus

No polluted 

air circled 

in the room

Indoor 

Pollutant 

Control

Air flow pattern

Velocity
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P-H Diagram
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Psychometrics – Climate
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Comfort
• In any subjective assessment of the comfort of 

the whole environment, thermal, acoustic and 

visual factors all play a part.

• All 3 aspects need to be considered together 

since the means of providing one component 

may influence the design of another.

• It is not possible to formulate a single index 

which quantities the personal response to the 

whole environment.
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Thermal Comfort

• In a first-class AC system one is not really conscious 

of the temperature or humidity because he is 

comfortable.

• Comfort zone varies with activities and with season

• Different individuals require different comfort zone 

(due to age, sex, race and degree of acclimatization) 

• Man as source of heat:

- seated at rest 115W

- Light work 140W

- Walking slowly 160W

- Dancing 265W
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Thermal Comfort

• Dry bulb temperature –air temperature

• Wet bulb temperature

• Relative humidity

• Air velocity

• Mean Radiant temperature

• Resultant temperature 

� inside a 100mm dia. black globe

� devised by A. Missenard in 1935

� = 0.6ta + 0.4tr where air velocity is 0.35 m/s

• Obsolete comfort measurements include: Globe 
temperature (150mm dia.), Equivalent temperature & 
effective temperature
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Thermal Comfort

Conditions leading to thermal comfort:

• RH:

- lies within 30 to 70%

• Velocity

- Upper limits: 0.15 m/s at 200C and 0.45 m/s 

at 250C

- Lower limits: 0.1 m/s at 200C and 0.2 m/s at 

250C 
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Thermal Comfort

• Mean radiant temperature: 

- comfort cannot be achieved if the m.r.t. is 

>80C above or <50C below air temperature

• Resultant temperature:

- between 190C and 230C
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Thermal Comfort

Predicted Mean Vote

• Developed by Professor P. O. Fanger in 1970

• PMV can be calculated using 6 parameters:

1. Metabolic rate

2. Clothing

3. Dry bulb temperature

4. Humidity

5. Radiant temperature

6. Air speed

• Comfortable if PMV is 0

• Warm or hot if PMV is positive (1, 2, 3)

• Cool or cold if PMV is negative (-1, -2, -3)
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Measuring Human Thermal Comfort Level
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A Comfort Sensor from Yamatake

Part of PMV - Predicted Mean Vote
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Thermal Comfort

BS EN ISO 7730 (2005)

• Make reference to PMV

• Predicted percentage dissatisfied (PPD)

� 75% dissatisfied for PMV = 2 or -2

� 25% dissatisfied for PMV = 1 or -1

� 5% dissatisfied for PMV = 0

• Offices will be comfortable if operative temperature 

is 24.50C +/- 10C

• Operative temp = Ata + (1-A)tr

Velocity < 0.2 m/s 0.2 to 0.6 0.6 to 1

A 0.5 0.6 o.7
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Psychometrics – Comfort Zone

Images credit:

Trane (2000), Cooling and Heating Load Estimation, A Trane Air Conditioning Clinic
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Acoustic Issues

• The ear responds to frequencies in the range 
of 15 to 20 000 Hz

• The response of the ear is non-linear. At low 
frequencies it is less sensitive

• Sound unwanted by the recipient is termed 
noise

• It is intermittent character of the noise not 
merely the noise level which causes 
annoyance and distraction
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Acoustic Issues
Recommended noise ratings:

• Concert hall, studio - NR 

20

• Bedroom, large lecture 

room - NR 25

• Library, small lecture 

room - NR 30

• Office, classroom - NR 35

• Open office, department 

store - NR 40

• Kitchen, canteen, pool -

NR 45
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Acoustic Issues

• NR 50 will generally be regarded as very noisy 
by sedentary workers.

• Higher noise levels than NR 50 will be justified 
in certain manufacturing area

• Exposure to noise levels >NR 85 can cause 
hearing damage

• dBA = NR + 6 (+ 2)

• Acoustic treatment for chillers, pumps, fans, 
compressors and air handling units (AHU) 
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Health Issues

• Legionnaires Disease

- disease transmitted by water droplets 

inhaled by occupants

- cooling tower cleaning

- water treatment by regular chemical

- proper positioning of air intake louvers

- avoid dead leg of water pipes

- hot water temperature to be above 600C

22

Health Issues

• Adequate fresh air – e.g. for office: 8 l/s per 

person (Min. 5 l/s per person or 1.3 l/s per m2

• Good air filter and filter frame (details later)

• Volatile organic compound (VOC)

• Bacteria in the air (details later)

• Bathroom ventilation – SARS consideration

• Exhaust consideration
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Indoor Air Quality

• Voluntary IAQ programme by Environment 

Protection Department

• 12 parameters to be controlled

• More than 100 buildings registered by EPD

• Difficult to comply with and expensive to 

sustain.

• Most designers target on 4 to 5 parameters, 

e.g. T, RH, filter efficiency (by particle 

count), CO2, bacteria count
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Environmental Issues

• Control of ozone depletion substances (Montreal 
Protocol): CFC, HCFC, HFC

• Green house gases issues (global warming)

- Rio Earth Summit 1992 under UN Framework 
Convention on Climate Change (UNFCCC)

- Kyoto Protocol in 1997 (COP-3 Conference of Parties-3): 
Richest countries committed to 5.2% reduction of GHG 
emissions below 1990 level by year 2008-2012, expiry by 
end of 2012  

- Climate Talks at Doha on 8 Dec, 2012 yielded 
commitment to ambitious, but unclear, actions, Kyoto 
Protocol weakly extended to 2020

- Obama pledged to reduce American emissions 17% 
below 2005 levels by 2020, but blocked at Senate
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History of HVAC in HK

• Early 60’s – Only prestigious offices have AC; 
natural ventilation and fans are the norm for 
most offices

• Mid 60”s – AC by room coolers (Weatherite)

• 70’s – Chiller, AHU, refrigerant pipes, etc. are 
designed as component parts and assembled 
on site.

• 80’s – package units e.g. package chiller, AHU
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History of HVAC in HK

• Mid 80’s – electronic control leading to CCMS

• 90’s– Intelligent buildings, VAV

• 21st Century – Energy efficiency, Sick building 

syndrome, Remote control, VRV 
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The Classification of HVAC Mechanical System 

The most popular classification method used by ASHRAE 

is according to the cooling/heating medium supplied 
into room to condition the space.

. 

� All-Air HVAC System 

� All-Water HVAC System 

� Air + Water HVAC System 

� Refrigerant Direct Expansion HVAC System

28

The Classification of HVAC Mechanical System 

All-Air HVAC System– Only treated air is supplied to the 

room as cooling/heating medium to condition the space. 
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The Classification of HVAC Mechanical System 

. 

All-Water HVAC System– Only chilled/hot water is supplied 

to the room as cooling/heating medium to condition the space. 

Conditioned 

Space

Or Chiller
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The Classification of HVAC Mechanical System 

Air+Water HVAC System– Both water and air is supplied to 

the room as cooling/heating medium to condition the space. 
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The Classification of HVAC Mechanical System 

Refrigerant Direct Expansion HVAC System–

The evaporator / condenser of a refrigeration system is 
directly put into a room to condition the space.
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HVAC Mechanical System Functions

All-Air HVAC System

Source ?

Distribution ?

Terminal ?
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HVAC Mechanical System Functions

All-Water HVAC System
Source ?

Distribution ?

Terminal ?

.
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HVAC Mechanical System Functions

Refrigerant Direct Expansion HVAC System

Source?

Distribution?

Terminal?



35

HVAC Mechanical Loops for All Air HVAC System

13 oC 13 oC

12 oC

7 oC 3 oC 38 oC

49 oC
10 oC

37 oC

32 oC

34 oC, 28 oC

7 oC

12 oC

32 oC

37 oC

27 oC34 oC

25 oC

AHU

Air loop Chilled water 

loop    

Refrigeration 

loop

Cooling water 

loop    

Chilled water 

system
Chiller

Cooling water 

system

36

. . 

Information Flow of a Control Loop
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All- Air HVAC System - Typical Application

Typical Application- Single Duct, 
Primary Air Return System

Fresh Air

Exhaust 

Air

Supply 

Air

Return Air

Fresh Air

Return Air

Supply Air

AHU

38

All- Air HVAC System – Key Equipment AHU

Functional Section of AHU
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Coils:

� Indirect contact heat exchangers.

� Heat transfer between air flowing 

over the coil and water, refrigerant, 

steam or brine insider the coil.

� Fins: extended surfaces.

� Water circuits- number of water 

flow passages.

All- Air HVAC System – Key Equipment AHU
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Direct expansion (DX) coil

� Refrigerant is fed (e.g. R-22 and R-

134a)

� Air and refrigerant flow-usually 

counterflow and cross flow

� Typical evaporating temperature = 3-

10 oC

� Condensate drain pan (to collect 

condensation)

� Performance factors: Face velocity, 

heat transfer coefficients, air-side 

pressure drop, physical size

All- Air HVAC System – Key Equipment AHU
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Water cooling coils 
� Chilled water flowing at 4-10oC
� Brine or glycol-water at 1-4 oC
� Temperature rise (typical) = 7-14 

oC

Water heating coils 

Steam heating coil

All- Air HVAC System – Key Equipment AHU
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Air filters

�Air cleaning and filtration

�Operating performance:

– Efficiency or effectiveness 
of dust removal

– Dust holding capacity

– Initial & final pressure drop

– Service life

�Types: low, medium, and 
high efficiency filters + 
carbon activated filters

All- Air HVAC System –
Key Equipment AHU

All- Air HVAC System – Key Equipment AHU
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All- Air HVAC System –
Key Equipment AHU

All- Air HVAC System – Key Equipment AHU
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All- Air HVAC System –

Constant Air Volume (CAV) System 

LCWT 12℃

Supply Air 13℃
Fresh Air 
32℃

Exhaust Air
26℃

Return Air 27℃

ECWT 7℃
26℃

How is indoor environment controlled?

� The supply air flow rate keeps the same 

� Chilled water flow rate in AHU cooling coil is controlled by room 
temperature
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All- Air HVAC System –

Variable Air Volume (VAV) System 

How is indoor environment controlled?
� Air is supplied with constant temperature.

� VAV box adjust supply air flow rate according to load need.

� Chilled water flow rate in AHU coil is controlled by supply air temperature.

� AHU fan speed is controlled to maintain proper pressure in ducts.

� Exhaust fan speed is controlled to maintain proper pressure in rooms.

12℃

SA13℃
Fresh Air 
32℃

Exhaust Air
26℃

Return Air 27℃

7℃

26℃26℃
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All- Air HVAC System –

Advantage and Disadvantage
Advantages:
� Treat air in centralized way- more energy efficient in air treating, 

no condensed water in room, easier humidity control, simple 
seasonal changeover.

� Equipment are located in unoccupied areas- easier for operating, 
maintenance and noise control.

� Supply air into room- readily adaptable to ventilation, zones 
pressure control, and heat recovery system.

� Supply air into room- good design flexibility for indoor air 
distribution.

Disadvantages: 
� Duct occupied large space- reduce usable ceiling/floor space.
� For CAV system, individual control are not easy to achieve.
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All- Water HVAC System – Key equipment

�Fan Coils consist of a fan, motor, 
coil, cabinet and drain pan.
� Room temperature is controlled 
by adjusting cooling/heating water 
flow rate.
� As no fresh air is introduced into 
room, air cleaning method to 
improve IAQ may be used.

• Filter- provides a physical 

barrier to trap tiny elements such 

as air particles and dust mites.

• Biological cleaning - TiO2

photo catalytic oxidation can be 
used to decompose air pathogens 

like bacteria, viruses, and volatile 

organic compounds into CO2 and 

H2O.

Fan Coil- terminal unit of  AWHS for heating, cooling, dehumidifying.
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Air+ Water HVAC System –
Typical Application

Outdoor Air Unit 

Outdoor Air Unit + 

Fan Coil 

Supply air

Return air

Fresh air

Fan Coil Unit 

Air+ Water HVAC System –
Typical Application

Air + Water HVAC System – Typical Application
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Regulations related to 

MVAC in Hong Kong

50
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• Ventilating system comprises of air blower and air duct to 

maintain air movement in an indoor environment. 
• Filter and/or electrostatic precipitator installed in the system 

will filter the air passing through them so as to improve the air 

quality.
• When an air duct passes through compartment walls/floors, 

fire dampers shall be fitted in the duct to curb the spread of
• fire and smoke.
• The Building (Ventilating Systems) Regulations, Cap. 123J, 

apply to every ventilating system that embodies the use of 
ducting or trunking which passes through any wall and floor 

of the building in which the ventilating system is installed. 
• Whereas the Ventilation of Scheduled Premises Regulation, 

Cap. 132CE, applies to ventilating system in Scheduled 

Premises (i.e. general restaurant, factory canteen, dancing 
hall, cinema, theatre and funeral parlour).
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The energy consumption index (Iε) of a room air conditioner 

is defined as the ratio of the actual effective power input (PE) 
of the room air conditioner to the Average Appliance Energy 
Consumption (Eav)
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For the purposes of:
• Encouraging proper sizing of 

equipment pinpointing design 
conditions.

• Reducing air side distribution 
losses, ductwork leakage and 
fan power.

• Reducing water distribution 
losses and pipe friction loss.

• Reducing allowable coefficients 
of performance.

• Reducing conduction losses in 
pipework, ductwork and AHUs.

• Reducing the use of energy 
through efficient controls and 
monitoring of power 
consumption.
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Temperature controls, humidity controls, zone control, off-

hours control.
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